Background-Little is known about isolated ambulatory hypertension, a state with elevated ambulatory but normal office blood pressure (BP). This study aimed to investigate the prognostic significance of isolated ambulatory hypertension for cardiovascular morbidity in a population of elderly men.
S everal previous studies have indicated that 24-hour ambulatory blood pressure (BP) is a stronger predictor of cardiovascular morbidity and mortality than conventional office BP. [1] [2] [3] [4] Although 24-hour ambulatory BP recordings more accurately reflect the 24-hour BP load imposed on the vascular bed, most commonly, risk assessment in clinical practice and evaluation of antihypertensive treatment effect in clinical trials are based on conventional office BP monitoring. When there is a discrepancy between office and ambulatory BP, as in white-coat hypertension, the prognosis has been suggested to be more closely related to ambulatory BP. 5 During previous years, much attention has focused on white-coat or isolated office hypertension, but despite observations that these subjects are at low risk for future morbid events, 6 the prognostic significance of white-coat hypertension remains controversial. 7 Using a strict upper limit of normal daytime ambulatory BP, 10% to 15% of subjects with office hypertension have normal ambulatory BP. 8, 9 However, less is known about the prevalence and prognostic role of the converse phenomenon, isolated ambulatory hypertension, which is characterized by elevated daytime ambulatory BP but normal office BP. Recent crosssectional data have indicated that isolated ambulatory hypertension may be associated with metabolic risk factors and target organ abnormalities to a similar extent as sustained hypertension, a state with elevated office and ambulatory BP. 10, 11 The present longitudinal study, performed in a populationbased cohort of elderly men, aimed to evaluate and compare the metabolic and cardiac risk profile in subjects with isolated ambulatory hypertension and sustained hypertension and to determine whether isolated ambulatory hypertension is associated with increased occurrence of cardiovascular morbid events.
Methods

Subjects
In 1970 to 1973, all 50-year-old men residing in Uppsala county were invited to a health survey aimed to identify subjects at risk for cardiovascular disease (Uppsala Longitudinal Study of Adult Men [ULSAM]), 12 and 2322 of 2841 eligible subjects participated. During the following 20 years, 422 subjects died and 219 moved out of the Uppsala region. In 1991 to 1995, when the subjects were aged 70 years, 1221 of the 1681 subjects still alive and living in Uppsala took part in a reinvestigation. In this reinvestigation, representing baseline of the present study, valid 24-hour ambulatory BP recordings and data on treatment for hypertension and diabetes were available in 1057 subjects. In the present analysis, we excluded 373 subjects who were regularly taking medication with antihypertensive properties, as well as 106 individuals with normal daytime ambulatory but elevated office BP, leaving 578 men to constitute the study population. Forty subjects had previously been hospitalized because of coronary heart disease (International Classification of Diseases [ICD]-9 codes 410 to 414) and 20 because of stroke (ICD-9 codes 431 to 436), and these 60 subjects were excluded from the survival analysis, as well as 6 subjects with missing data on smoking. All measurements in the present analyses were performed at the examination at age 70 years. The Ethics Committee of Uppsala University approved the study, and all participants gave informed consent.
Follow-Up
The population was followed for up to 8.4 years since baseline investigation at age 70 years, with a mean follow-up period of 5.9Ϯ1.6 years (meanϮSD) contributing to 3038 person-years at risk (PYAR). Outcome variables were defined using data from the Swedish Hospital Discharge and Cause of Death Registries (censor date December 31, 1999) . End points included death from coronary heart disease (ICD-9 codes 410 to 414 or ICD-10 codes I20 to I25), stroke (ICD-9 codes 431 to 436 or ICD-10 codes I61 to I66), and peripheral vascular disease (ICD-9 codes 440 to 444 or ICD-10 codes I70 to I74) as well as first hospitalization for nonfatal coronary heart disease and stroke. A quality control by the Swedish centers of the World Health Organization MONICA study previously showed good agreement between official routine mortality statistics and registration of myocardial infarction. 13
Blood Pressure Measurements
Office BP was measured in the right arm with a sphygmomanometer using the appropriate cuff size. The recordings were made to the nearest 2 mm Hg twice after 10 minutes of rest with the subject in the supine position, and the mean of the two measurements was used for the analyses. The resting heart rate was measured supine as the pulse rate during 1 minute. Twenty-four-hour ambulatory systolic BP (SBP) and diastolic BP (DBP) were recorded using the Accutracker 2 equipment (Suntech Medical Instruments Inc). Reading and data editing have been described previously. 14 Short fixed-clocktime intervals were used, defining daytime as 10 AM to 8 PM and nighttime as midnight to 6 AM. We used 135/85 mm Hg as the threshold for normal daytime ambulatory BP 15 and thus defined sustained hypertension as office BP Ն140/90 and daytime ambulatory BP Ն135/ 85 mm Hg and isolated ambulatory hypertension as office BP Ͻ140/90 and daytime ambulatory BP Ն135/85 mm Hg.
Anthropometric and Metabolic Measurements
The investigations took place in the morning after an overnight fast. Height was measured to the nearest whole centimeter, and body weight to the nearest 0.1 kg. Body mass index (BMI) was calculated as the ratio between weight (in kilograms) and height (in meters) squared. Waist and hip circumferences were measured in the supine position, midway between the lowest rib and the iliac crest and over the widest part of the hip, respectively. The waist to hip ratio was calculated. Cholesterol and triglyceride concentrations in serum were assayed by enzymatic techniques (Instrumentation Laboratories) in a Monarch 2000 centrifugal analyzer. An oral glucose tolerance test was performed, where the subjects ingested 75 g glucose dissolved in 300 mL of water, and blood samples for plasma glucose were drawn immediately before and 30, 60, 90, and 120 minutes after ingestion of glucose. Plasma glucose was measured by the glucose dehydrogenase method (Gluc-DH, Merck). Fasting insulin and proinsulin were analyzed with a specific two-site immunoradiometric assay technique. 16 Insulin sensitivity was determined with euglycemic hyperinsulinemic clamp according to DeFronzo et al, 17 slightly modified, whereby insulin was infused at a constant rate of 56 mU/(min · m 2 ). M was calculated as the amount of glucose (mg) infused per minute per body weight (kg). We defined diabetes according to the 1985 World Health Organization criteria. 18 Information on smoking habits was retrieved through interview reports.
Echocardiography
M-mode, 2-dimensional, and Doppler echocardiographic examinations were performed in the first 583 consecutive subjects in the original study population, 19 leaving 234 of the men in the present analysis. The measurements included interventricular septal thickness (IVS), posterior wall thickness (PW), and left ventricular diameter at the end of diastole (LVEDD). Left ventricular mass (LVM) was determined using the M-mode formula of Troy according to recommendations of the American Society of Echocardiography. 20 LVM was divided with body surface area to obtain LVM index (LVMI). Relative wall thickness (RWT) was calculated using the formula ((IVSϩPW)/LVEDD).
Statistical Analysis
Distributions were tested for normality by Shapiro-Wilk's W test. Skewed variables were logarithmically transformed. We used ANOVA to calculate differences in means, and comparisons between subgroups were performed if the overall F-test was significant. Two-tailed significance values were given, with PϽ0.05 regarded as significant. Cox proportional hazard regression was used to calculate crude and multivariate-adjusted hazard ratios of cardiovascular morbidity and their 95% confidence intervals (CIs) for baseline hypertensive category or 1 SD increase in office and daytime ambulatory SBP, respectively. In multivariate models, adjustments were made for serum cholesterol (1 SD), smoking (yes, no), diabetes (yes, no), and BMI (1 SD). The statistical software package Stata 6.0 (Stata Corporation, College Station, USA) was used.
Results
Of the 578 subjects, 188 (33%) were identified as normotensive according to both office and ambulatory daytime BP. Eighty-two subjects (14%) showed a normal office but elevated daytime BP and were thus considered to have isolated ambulatory hypertension, whereas 308 (53%) subjects had sustained hypertension.
Metabolic Characteristics
Office and ambulatory BP and heart rate measured at baseline are presented in Table 1 . Daytime and nighttime BPs were significantly higher in isolated ambulatory hypertensive than in normotensive subjects. Office SBP was slightly but significantly elevated in isolated ambulatory hypertensive compared with normotensive subjects, whereas office DBP did not differ between these two groups. All BPs were lower in isolated ambulatory hypertensive than in sustained hypertensive subjects ( Table 1) . Baseline demographics and metabolic parameters are shown in Table 2 . The proportion of smokers was similar in the 3 subgroups, but the prevalence of diabetes was significantly higher in sustained hypertensive than in normotensive subjects. BMI, waist circumference, and waist to hip ratio were increased in both hypertensive subgroups compared with normotensive subjects (PϽ0.05, Table 2 ). Serum concentrations of triglycerides and cholesterol did not differ between the groups. Both isolated ambulatory and sustained hypertensive subjects showed increased plasma glucose levels during an oral glucose tolerance test and an impaired insulin sensitivity, expressed as the M-value at clamp, compared with normotensive patients. Fasting insulin and proinsulin were significantly higher in sustained hypertensive than in normotensive subjects ( Table 2 ).
Echocardiographic Characteristics
Data from the echocardiographic investigation were obtained in a subset of subjects with normotension (nϭ74), isolated ambulatory hypertension (nϭ21), and sustained hypertension (nϭ139). Subjects with isolated ambulatory hypertension showed a similar LVMI as normotensive subjects, whereas sustained hypertensive subjects had increased LVMI ( Figure  1a ). In contrast, RWT was increased in both subjects with sustained and isolated ambulatory hypertension compared with normotensive subjects (Figure 1b ).
Cardiovascular Morbidity
A total of 72 events (2.37 of 100 PYAR) occurred during the follow-up period, including 48 coronary events, 8 of which were fatal, 20 strokes, 2 of which were fatal, and 4 peripheral vascular deaths. The event rate (per 100 PYAR) was 3.14 in sustained hypertensive subjects, 2.74 in isolated ambulatory hypertensive subjects, and 0.99 in normotensive subjects ( Figure 2) . Table 3 shows the probability of cardiovascular events evaluated in a univariate Cox proportional hazard regression analysis. Both isolated ambulatory hypertension and sustained hypertension were significant predictors of cardiovascular morbidity. Office and ambulatory BP as continuous variables, smoking, diabetes, and BMI were also associated with a significantly increased probability of cardiovascular events, whereas serum cholesterol did not predict outcome (Table 3 ). In extended multivariate Cox models (Table 4) , adjusting for serum cholesterol, smoking, and diabetes, both isolated ambulatory hypertension (adjusted HR, 2.77 [95% CI, 1.15 to 6.68]) and sustained hypertension (HR, 2.94 [95% CI, 1.49 to 5.82]) remained significant predictors of cardiovascular morbidity. The increased risk in subjects with isolated ambulatory hypertension was independent of office SBP level (multivariate adjusted HR for isolated ambulatory hypertension, 2.62; 95% CI, 1.08 to 6.35; for office SBP 1.21, 95% CI, 0.86 to 1.70). In a multivariate model with continuous BP variables, daytime ambulatory SBP was a significant predictor of cardiovascular events, whereas office SBP lost its predictive value (Table 4 ). An additional adjustment for BMI did not alter the results substantially (data not shown).
Discussion
Isolated ambulatory hypertension, characterized by a normal office but elevated daytime ambulatory BP, was associated with a nearly 3-fold increased risk of cardiovascular morbidity in this longitudinal population-based study. Furthermore, plasma glucose levels, measures of abdominal obesity, and echocardiographically determined left ventricular RWT were increased at baseline in subjects with isolated ambulatory hypertension. Metabolic disturbances may aggravate the atherosclerotic process in hypertensive subjects, but isolated ambulatory hypertension was a predictor of cardiovascular events independent of established risk factors such as smoking, serum cholesterol, and diabetes, and the risk was similar to that observed for sustained hypertension. Average ambulatory BP is, more than office BP, representative of the true BP. The independent prognostic value of ambulatory BP, which was also confirmed in the present study, has been demonstrated by several previous investigators. [1] [2] [3] [4] However, ambulatory BP monitoring is primarily used to evaluate risk in subjects with known office hypertension. Whereas white-coat hypertension has been subject to numerous investigations during previous years, the knowl- edge about the opposite phenomenon, isolated ambulatory hypertension, is limited. It has been recognized that Ϸ10% to 20% of a population with office normotension have elevated BPs during daytime and that these individuals show metabolic and cardiac structural abnormalities compared with sustained normotensive individuals. 10, 11 However, until now, longitudinal data regarding cardiovascular outcome for this potential high-risk group have not been available. 21 Among possible mechanisms responsible for an increased daytime but normal office BP, smoking has been shown to elicit such an effect, 22 and in a recent study, an ambulatory BP greater than office BP in elderly patients was related to previous antihypertensive treatment. 23 In our study population, smoking habits did not differ between normotensive, isolated ambulatory hypertensive, and sustained hypertensive subjects, and the subjects were previously untreated. Different kinds of activity and behavior in daily life such as working conditions may affect average daytime BP. In the present study, a questionnaire that was part of the baseline examination revealed no differences in self-reported leisuretime physical activity between the 3 groups when physical activity was described on a 4-level scale ranging from sedentary to athletic category (data not shown). Although work-related factors were not applicable in the present study population of senior citizens, they may be of importance in other age groups. It is also possible that the subjects we identified as isolated ambulatory hypertensive in fact represent borderline hypertensive subjects whose resting blood pressure has not yet been stabilized on an elevated level.
Whatever the reasons may be for this phenomenon, the present findings suggest that almost 15% of the subjects in an elderly untreated population have elevated daytime BP despite being normotensive according to office measurements and that these subjects are exposed to an increased cardiovascular risk. Confirming previous studies, 10, 11 we found that isolated ambulatory hypertension was characterized by a metabolic and cardiac risk profile. The echocardiographic findings of an increased RWT but normal LVMI in subjects with isolated ambulatory hypertension indicate that these subjects have a higher prevalence of concentric remodeling rather than left ventricular hypertrophy. Concentric remodeling has been suggested to represent an early stage in the development of concentric left ventricular hypertrophy and was associated with an increased cardiovascular risk in a previous study. 24 We were somewhat surprised to find that only one third of untreated 70-year-old men from the general population were normotensive according to both office and ambulatory BP and that even mild hypertension, which apparently had not been considered in need of treatment, may increase the risk of a cardiovascular event considerably in the elderly. It is known that hypertension becomes increasingly prevalent with age, 25 and in randomized controlled trials, antihypertensive treatment has been shown to efficiently reduce the incidence of stroke and coronary heart disease in elderly subjects with moderate to severe hypertension or systolic hypertension. 26 -28 Despite the development of strict treatment guidelines, BP is still inadequately controlled in a large proportion of treated hypertensives. 29, 30 The present study confirms a high preva-lence of mild hypertension in the elderly and additionally illustrates the risk associated with a moderately elevated BP (mean BP in the sustained hypertensive group, 155/87 mm Hg).
A possible limitation of the present study is the lack of follow-up visits with repeated office BP readings, which may have increased the number of subjects correctly identified as hypertensive by office BP. Furthermore, data regarding initiation of antihypertensive treatment during follow-up were not available for entry in the survival analysis. The relatively small study size may have influenced the findings, and the results therefore need to be reproduced. Moreover, extrapolation of these results to women should be done with caution. Categorizing subjects into subgroups on the basis of ambulatory and office BP may constitute another limitation, because it assumes an arbitrary dichotomization of a continuous variable. However, grouping of subjects may be clinically useful and, for the particular aim of this study, inevitable. Individuals with white-coat hypertension were excluded from this study, because the particular aim was to highlight isolated ambulatory hypertension. The threshold for elevated ambulatory daytime BP in this study (Ն135/85 mm Hg) has been proposed based on previous studies of ambulatory BP normality in different populations 15, 31 and is also close to the daytime ambulatory BP (137/83 mm Hg) that by linear regression corresponded to an office BP of 140/90 in the present study population. 14 In conclusion, the present study in an elderly population showed for the first time that isolated ambulatory hypertension was a predictor of increased cardiovascular morbidity, independent of office BP and other established cardiovascular risk factors. The findings suggest that important prognostic information may be undetected when BP is measured only in the clinical setting.
